Triggered by the concept of sustainability, the use of natural dyes in batik fabric processing has increased recently. To inhibit fungus growth on batik fabric colored with natural dyes, either clove oil or formaldehyde was added as an antifungal agent. To increase the stability of the interaction between the antifungal agent and the batik fabric, chitosan was used as a crosslinker. A modified version of the standard tests American Association of Textile Chemists and Colorists (AATCC) 30 and Response Surface Methodology (RSM) was applied as the characterization method. The results showed that the growth percentage of fungi in Batik treated with either clove oil or formaldehyde was much lower than that in the control sample. Growth of Aspergillus niger could be prevented by about 32% using clove oil and 94% using formaldehyde. The optimal condition was obtained with 1% chitosan as a crosslinking reagent, 15.91 ppm of formaldehyde, and 60-min immersion time, with absorbance intensity of formaldehyde crosslinking solution and fungus growth areas being 0.159 and 2.47%, respectively.
■ INTRODUCTION
Known for its diverse cultures and art, Indonesia originated the use of Batik as a cultural art medium. Since October 2 nd , 2009, batik has been designated as an element of non-material global cultural heritage [1] . Batik is a patterned fabric made using a wax-resistant dyeing technique. The patterned designs display an important and intimate philosophy regarding social life. Aside from batik motifs, designs, and philosophies, the charm of the beauty of batik is also enhanced by the coloring used.
Both natural and synthetic dyes have been used in the coloring process of batik fabric. Before the mid-19 th century, batik coloring was done using natural dyes derived from plant extracts such as stems, bark, leaves, seeds, flowers, and other parts of plants. After the discovery of synthetic dyes, the use of natural dyes in the coloring process of batik fabric was abandoned because synthetic dyes were affordable and easy to use [2] . In the early 20 th century, the development of natural dyes for textiles re-emerged. Meanwhile, public awareness of the health and environmental impacts of synthetic dyes led to increasingly strict regulations implemented by governments [3] [4] . The use of synthetic textile dyes which contain heavy metals can have environmental impacts such as water, soil, and air pollution [5] . In addition, the content of heavy metals in synthetic dyes can have a direct effect on humans, such as skin cancer and other types of cancers, brain damage, cerebrovascular disease, and lung disease, so that the use of natural dyes becomes an option to overcome these problems.
Natural dyes can be obtained from various sources such as insects, minerals, fungi, and different parts of plants such as leaves, roots, flowers, fruit, and skin [6] .
As natural derivative products, natural dyes have several advantages such as being environmentally friendly, nontoxic, have unique color, and high degradability [7] [8] . These advantageous properties are also supported with antimicrobial properties contained in several natural dyes. Antimicrobial activity is an important property to make long-lasting and favorable batik fabric especially in tropical countries with high humidity.
Gambier extract as a natural dye derived from the Gambier plant (Uncaria gambir Roxb) contains antimicrobial activity [9] . The chemical constituent on Gambier which is responsible for the antimicrobial activity is tannins. Gambier extract consists of 24.56% tannins, which produces brownish color [10] . The humid environment during storage and usage of fabric enhances the growth of microorganisms such as bacteria and fungi [11] . Fungi and mold worsen the fabric quality by ripping and damaging the fabric fiber; meanwhile, bacteria are responsible for unpleasant odor [12] . Antimicrobial agents can be classified into compounds that are biocidal (killing microorganisms) and biostatic (inhibiting adhesion and growth) [11, 13] . For customer comfort and satisfaction, the addition of antifungal agents has been conducted for several natural dyes coloring processes to inhibit fungi growth on the fabric. Several antifungal agents are sufficient to inhibit or kill microorganism such as clove oil and formaldehyde [14] [15] [16] . Clove oil has antifungal properties against yeast, filamentous fungi, and pathogenic fungi in humans [15, 17] . Phenolic compounds as clove oil constituents have antimicrobial and phytotoxic properties, and can kill insects [16] . Another study also reported that clove oil has antifungal properties against mold, yeast, and fungi on the human pathogen [17] . On the other hand, formaldehyde has disinfectant properties that can inhibit microbial activity such as bactericide, tuberculocide, fungicide, virucide, and sporicide [10, 14, [18] [19] [20] [21] .
The crosslinking between cellulose and the antifungal compound is one of the critical stabilization processes in the textile industry. A suitable crosslinking method can prevent the release of the antifungal compound from the cellulose fiber. In this study, either clove oil or formaldehyde was immobilized on the Gambier-colored batik fabric, using chitosan as the crosslinker. The possible reaction of crosslinking between chitosan to cellulose using formaldehyde and clove oil have not been proposed yet. The optimum condition was examined using Response Surface Methodology (RSM) as a fastness test, Analysis of Variance (ANOVA) as a significance test, and Least Significant Difference (LSD) for fungal growth. Furthermore, Aspergillus niger, a well-known and fast growing fungus, was used to study the antifungal activity. As mentioned above, the application of antimicrobials, especially antifungals, to fabrics would increase the quality of the fabric. The study should serve as a reference for the beneficial use of Gambier natural dyes and other natural dyes to gain stable and longlasting batik products.
■ EXPERIMENTAL SECTION

Materials
The materials used in this study are presented in Table 1 . In this research, commercially-available Gambier powder derived from natural Gambier leaves as illustrated in Fig. 1 was used to maintain the same quality of coloring agent material during the entire study.
Procedure
Material preparation
Gambier powder was diluted in a stirring flask using distilled water with feed-solvent ratio (w/v) 0.048 g/L for 2 h at 100 °C. The solution was cooled and stabilized for one day to precipitate insoluble solid. After filtration, the filtrate became the coloring agent. Cotton fabric was uniformly cut into a rectangular size 5 cm × 5 cm. The coloring process was carried out by soaking the fabric samples on the coloring solution as illustrated in Fig. 2 for 30 min at 95 °C continued by the drying process. The dry fabric was soaked in 20 g/L alum solution for 30 min followed with prolonged drying. The fabric was washed with hot water and rinsed with cold water continued by the drying process. Chitosan 0.1% (w/v) was dissolved in 1% acetic acid solution. Either clove oil-Tween 80 or formaldehyde was added into a chitosan solution with a predetermined concentration to A c c e p t e d produce the antifungal compound solution. Tween 80 was used as an emulsifier for clove oil to be attached into chitosan.
Antifungal application
The fabric was dipped in each antifungal solution. The fabric was then dried at room temperature. The dipping process duration was varied by 10, 25, and 60 min.
Measurement of absorbance on crosslinking
strength using fastness test. To examine crosslinking strength, each clove oil-treated fabric was dissolved with a 0.3% (w/v) Tween 80 solution at 30 °C and left overnight. Then, 5 mL samples were taken and analyzed using UV-VIS Spectrophotometer. The absorbance of each sample was measured by UV-VIS Spectrophotometer at 396.4 nm wavelength [22] . Meanwhile, absorbance test method on formaldehyde was conducted using EN ISO 14184-1 standard method. Each sample treated with formaldehyde as the antifungal agent was contacted with distilled water at 40 °C for 1 h. Set of apparatus was applied to maintain temperature. The liquid phase was filtered and reacted with acetylacetone, namely Nash reactive, to produce a yellow solution. The absorbance of each formaldehyde-treated sample was measured with UV-VIS Spectrophotometer at 412.9 nm wavelength.
Antifungal analysis
The Modified American Association of Textile Chemists and Colorists (AATCC) Test Method 30 was used to observe the antifungal activity. The positive control that has been colored with Gambier natural dyes A c c e p t e d was also performed in this study. Each treated sample was cut in a circular shape with a 6 cm diameter about the size of a petri dish. Aspergillus niger cultured in Potato Dextrose Broth (PDB) growth medium was used in the antifungal test. PDB was used to evaluate the spore germination and the growth of Aspergillus niger [23] . PDB medium 0.75 µL and Aspergillus niger suspension were dropped-coated on the fabrics using an inoculation needle. Furthermore, fungal growth was observed for 72 h.
Data analysis
In accordance to the modified AATCC 30, the fungal growth analysis was conducted visually with the colony diameter measurement. The diameter size of each replication had been carried out by measuring the average diameter of six samples of fungal growth. Calculation of sample area percentage was then evaluated using the following equation: 
The optimization was determined by three-level factorial design using Response Surface Methodology (RSM) in the Minitab® program on the absorbance data. The dependent variable in this study was the absorbance measured by UV-Vis Spectrophotometer. Meanwhile, the individual independent variables could be seen in Table 2 for every antifungal agent. The optimum chitosan and clove oil concentration to inhibit the microbial growth are 0.225% and 1.5% respectively [22, 24] . Moreover, the limit of formaldehyde concentration is below 75 ppm for fabrics used in clothing [25] .
The non-linear polynomial equation is generally used to correlate the variables, with the responses as dependent variables and the factor as an independent variable. The basic equation for the second-order response surface model followed [26] [27] [28] :
where, Y: response; β0: constant coefficient; βi, βii, and βij: the coefficients for the linear, quadratic and interaction effect respectively; xi and xj: factors (i and j are the range from 1 to k); and ε: error. A coefficient of determination (R 2 ) was observed during the optimization process [29] . Mushroom growth can also be classified with several scales [16] , namely: 0: No fungal growth is seen using microscopic observation, 1: Fungal growth is seen using microscopic observation, however, is not seen using bare eyes, 2: Fungal growth covers 25% of the test area, 3: Fungal growth covers 50% of the test area, 4: Fungal growth covers 75% of the test area, 5: Fungal growth covers 100% of the test area.
■ RESULTS AND DISCUSSION
In this study, the quality of the antifungal agent was evaluated using two analytical methods. The first method analyzed the ability of the substance to attach on the fabric using fastness tests. The second method analyzed the capability of the antifungal agent using antifungal analysis. To enhance the interaction strength between the antifungal compound and the cellulose fiber, both on the first method and second method, chitosan was used as the crosslinker. These two methods were very useful to describe the quality of antifungal agents on the application process. The proposed reaction mechanism of cellulose and clove-oil or formaldehyde using chitosan as crosslinker can be seen in Fig. 3 
Identification of Clove Oil and Formaldehyde Using UV-Vis Analysis
Fastness tests were conducted using UV-Vis spectrophotometer on clove oil and formaldehyde crosslinking with chitosan. The selected spectrophotometry results are presented in Fig. 4(a) and (b). The figures also present the similarity trend of chitosan concentration variation when other variables were defined at the lowest value. Fig. 4(a) shows optimum absorption (λmax) around wavelength 394.4-397.5 nm that fits the wavelength of clove oil-chitosan crosslinking solution. Meanwhile, the same tendency occurred in the formaldehyde-chitosan crosslinking solution measurement with maximum absorption around wavelength 411.3-414.1 nm shown in Fig. 4(b) . Thus, the selected wavelength for each analysis could be used to evaluate the optimum condition of crosslinking strength using the fastness test.
A c c e p t e d
Determination of Crosslinking Strength Using Fastness Test
The absorbance of the samples was used to determine the amount of antifungal agent released from the cotton fabric into a liquid phase. Absorbance resulted from UV-Vis Spectrophotometry generally represents the concentration of a substance in a specific wavelength. Thus, the correlation between absorbance and targeted substance concentration was assumed to be linear. Model fitting was also performed to obtain the predicted value of each absorbance using Minitab®. The predicted absorbance as responses of optimization could be seen in Table 3 with the empirical equation described below.
Optimum condition from the data on the presence of clove oil a and formaldehyde b with a crosslinking method; with i: input, R: input response, and O = output. 
where CA is chitosan concentration, CB is clove oil concentration, CF is formaldehyde concentration, T is immersion time, YB is clove oil absorbance, and YF is formaldehyde absorbance. The most stable interaction between the antifungal compound and the fabric is demonstrated by the lowest absorbance data which was represented at run code 24 for clove oil addition and run A c c e p t e d code 7 for formaldehyde addition. Linear plotting of absorbance data with absorbance responses could be seen in Fig. 5 . To give a clear explanation of each parameter effect in every treatment, the correlation of each parameter on absorbance was conducted as seen in Fig. 6 . Both Fig. 6(a) and (b) show that chitosan concentration (CA) gives the most significant effect on the absorbance changes. This can be seen from the range of mean values between the significant upper and lower levels. This observed phenomenon indicates that crosslinking strength significantly increases with a significant increase in chitosan concentration during material preparation and antifungal application. However, the higher chitosan concentration in formaldehyde increased the absorbance after fastness test, which was not preferable. We believe that the crosslinking process had not yet been established, leading to a higher release of the compounds from the fabric into the solution, and thus higher observed absorbance in the solution after the fastness test. Furthermore, bothclove oil and formaldehyde show similar trend on the absorbance. While time (T) only had a significant effect on the formaldehyde addition, time duration reflected the immersion time of the cotton fabrics in the crosslinking solution ( Fig. 6(b) ). The results showed that clove oil crosslinking solution does not need extended time to infiltrate cotton fabric while formaldehyde crosslinking solution does require a longer time to stabilize on the cotton fabric surfaces.
Afterwards, the best condition for the crosslinking solutions was analyzed further. Lowest absorbance in each treatment had been targeted by optimization using response surface methodology (RSM). The three-level factorial design had been performed with F-value, and P-value as seen in Table 4 . Analysis of variance (ANOVA) for clove oil crosslinking solution givesbetter result compared to formaldehyde crosslinking solution if Pvalue is used to evaluate the model. However, the proposed adequacy models for Equation (3) and (4) are represented by P-value 0.002 and 0.022 respectively which shows statistical significance due to the small number of P-value of lower than 0.05. This indicates that the model proposed in Equation (3) and (4) is appropriate to reflect the effect of each parameter to the degree of fastness. The low R-squared values ( Fig. 5 and Table 4 ), < 75%, indicates that the dependent parameters of the model did not show the trend of the independent parameters. However, a high R-squared-valued model does not always mean a good model. To evaluate this Rsquared value, residual plots were conducted to further explain the model. The residual plot in Fig. 7 indicates that the models showed good predictive value as the residual plots for both the clove oil and formaldehyde models were scattered without a discernible trend. The initial hypothesis that the dependent variables would affect the independent variable can thus be accepted.
The left side of the graph in Fig. 8 presents the minimum absorbance of < 0.12 at 1.0% chitosan concentration and 0.75-2.5% clove oil concentration for the first graph, and for 40-60 min immersion in 1.0% chitosan for the second graph. The last figure on the left indicates a minimum absorbance of 0.18-0.20 at 0.75-2.4% clove oil concentration and 20-60 min immersion. The right side of the graph presents a minimum absorbance of < 0.16 at 0.1% chitosan concentration and 10-50 ppm formaldehyde concentration for the first graph, and 20-60 min immersion in 1.0% chitosan concentration. The third graph on the right side reflects minimum absorbance at a value of 0.24 at 5-45 ppm formaldehyde concentration and 40-60 min of immersion time.
Optimization for all parameters was also conducted to determine the best conditions for the two crosslinker solutions. The result of optimization, as can be seen in Fig.  9 , resulted in the lowest absorbance at 0.103 and 0.159 for clove oil and formaldehyde crosslinking solutions, respectively. The optimum condition for the clove oil crosslinking solution occurred at 1% chitosan concentration, 1.672% clove oil concentration, and 56.5 min immersion time. Meanwhile, the optimum parameters for the formaldehyde crosslinking solution took place at 1% chitosan concentration, 15.91 ppm formaldehyde, and 60 min immersion time. The ideal concentration of chitosan for both crosslinking methods was 1%. It reflected that at 1% chitosan concentration, the fabric was totally covered in the bonding of cellulosechitosan-antifungal agent. Moreover, the optimum concentration of clove oil was not significantly different from that in Muresan et al. [22] and Chinta et al. [24] . The optimum formaldehyde concentration in this study is observed below the limit for infant's fabric, 20 ppm [25] .
Determination of Antifungal Properties
To test the antifungal properties of clove oil and formaldehyde, antifungal testings were carried out against Aspergillus niger for 72 h. The results for control, clove oiltreated, and formaldehyde-treated samples are shown in Fig. 10(a) , (b), and (c) respectively. Colony growth measurement and the percent area of fungal growth were also analyzed in this study. Table 5 shows the area of fungal growth and the significance levels obtained using ANOVA test and LSD calculation. Significance level test was used to describe the differences in colony growth and the percentage area of fungal growth in every treatment to confirm the antifungal properties of the modified fabric.
The results shown in Table 5 indicate that formaldehyde was very effective in inhibiting fungal growth. Clove oil, on the other hand, presented insignificant results compared to the control sample. Thus, clove oil was not a suitable antifungal compound to combat Aspergillus niger growth in this study. Furthermore, formaldehyde showed statistically significant results and gave the lowest scale of bacteria growth compared to control and clove oil treatment. It is well known that formaldehyde is a remarkable substance for disinfection and sterilization of inactive microorganisms. It has been reported that formaldehyde could alkylate amino and sulfhydryl groups contained on protein and purine bases [30] . It is worthwhile to note that chitosan is also an antifungal compound with biostatic properties against fungi, which might enhance the antifungal effect. A c c e p t e d Based on Fig. 9 , Table 5 , and Fig. 10 , the optimal conditions for the preparation of clove oil-based and formaldehyde-based antifungal fabrics are summarized in Table 6 . The excessive amount of clove oil was ten thousand times larger than formaldehyde. Restriction parameter was also made to give a brief comparison of the crosslinking solution.
The application of clove oil would boost the price of batik while formaldehyde would pose environmental concerns given its toxicity. The maximum safe exposure to formaldehyde is 0.75 ppm by inhalation, measured as an 8 h time-weighted average (TWA), and 2 ppm for a short-term exposure limit (STEL) of 15 min [31] [32] . Despite the fact that the formaldehyde is stabilized with a crosslinking agent, textiles employees need to be limited from direct exposure using standard safety equipments. Closed-process systems could be constructed to minimize exposure to formaldehyde, but this would be costly. With all safety and environmental considerations, the optimal conditions in this study were achieved with the application of the formaldehyde crosslinking solution. The use of formaldehyde and clove oil in the crosslinking solutions in this study were reliable for cotton fabric application because the reaction mechanisms do not involve natural dyes. We believe that research into other optimal processes could potentially lead to other antifungal crosslinking methods.
■ CONCLUSION
This study aimed at finding the most suitable conditions for the preparation of antifungal Batik fabrics colored with Gambier-based natural dye. Either clove oil or formaldehyde was used as antifungal compounds, and chitosan was used as a crosslinker that facilitates the immobilization through bonding between the antifungal compounds and the cellulose fiber of the fabric. The results showed that formaldehyde is better than clove oil to use in conjunction with Gambier extracts as natural dyes. The optimal conditions for the preparation of a stable antifungal batik fabric were at 1% chitosan concentration, 15.91 ppm formaldehyde, and 60 min immersion time, with absorbance intensity of released antifungal substances after fastness test of 0.159 and fungal growth areas of 2.47%. Although the application of formaldehyde as an antifungal agent still requires environmental and safety considerations regarding its toxicity, it showed better antifungal properties compared to clove oil in this study and could significantly suppress Aspergillus niger growth with a statistically significant result. In general, this study contributes to forwarding optimal conditions for the incorporation and immobilization of antifungal compounds to natural dye-colored fabrics, using crosslinker in the immobilization strategy.
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